IRRIGATION AND DRAINAGE BASED ON HYDRODYNAMIC UNSATURATED 

FLUID FLOW 



CROSS REFERENCE TO RELATED PATENT APPLICATION 

5 

[01] This patent application is a continuation of U.S. Patent Application 
Serial No. 10/082,370, "Fluid Conduction Utilizing a Reversible Unsaturated 
Siphon With Tubarc Porosity Action," which was filed on February 25, 2002 and 
claims priority to U.S. Provisional Patent Application Serial No. 60/307,800, which 
10 was filed on July, 25, 2001. The disclosure of U.S. Patent Application Serial No. 
10/082,370 is incorporated herein by reference. 

TECHNICAL FIELD 

15 [02] Embodiments are generally related to fluid delivery methods and 

systems. Embodiments are also relates to methods and systems for 
hydrodynamically hamessing the unsaturated flow of fluid. Embodiments are 
additionally related to the geometry of physical macro and microstructures of 
porosity for fluid conduction and retention. Embodiments are also related to ink 

20 refill and recharging methods and systems. 

BACKGROUND OF THE INVENTION 

[03] Fluid delivery methods and systems are highly desirable for 
25 irrigation, filtration, fluid supply, fluid recharging and other fluid delivery purposes. 
The ability to deliver proper amounts of fluid to plants, chambers, compartments or 
other devices in a constant and controlled manner is particulariy important for 
maintaining constant plant growth or supplying liquid to devices that require fluid to 
function properiy. Fluids in general need to move from one place to another in 
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nature as well as in innumerous technological processes. Fluids may be required 
in places where the availability of fluid is not expected (i.e., supply). Fluids may 
also be undesired in places where the fluid is already in place (i.e., drainage). 
Maintaining the fluid cycling dynamically permits the transference of substances in 
5 solutions moving from place to place, such as the intemal functioning of multi- 
cellular organisms. The process of moving fluid as unsaturated flow also offers 
important features associated with characteristics, including the complex 
hydrodynamic interaction of fluid in the liquid phase in association with the 
spatially delineated porosity of the solid phase. 

10 

[04] Fluid movement is also required to move substances in or out of 
solutions or which may be suspended in a flow. Bulk movement of fluids has been 
. perfomied efficiently for centuries inside tubular cylindrical objects, such as pipes. 
Often, however, fluids are required to be delivered in very small amounts at steady 

15 ratios with a high degree of control governed by an associated fluid or liquid matric 
potential. Self-sustaining capabilities controlled by demand are also desired in 
fluid delivery systems, along with the ability to maintain ratios of displacement with 
the porosity of solid and air phases for efficient use. Field irrigation has not yet 
attained such advancement because the soil is not connected internally to the 

20 hose by any special porous interface. This particular need can be observed within 
plants and animals in biological systems, in the containerized plant industry, 
printing technology, writing tools technology, agricultural applications (i.e., 
irrigation/drainage), fluid-filtering, biotechnology-like ion-exchange 
chromatography, the chemical industries, and so forth. 

25 

[05] A fluid that possesses a positive pressure can be generally defined 
in the field of hydrology as saturated fluid. Likewise, a fluid that has a negative 
pressure (i.e., or suction) can be generally defined as an unsaturated fluid. Fluid 
matric potential can be negative or positive. For example, water standing freely at 
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an open lake, can be said to stand under a gravity pull. The top surface of the 
liquid of such water accounts for zero pressure known as the water table or 
hydraulic head. Below the water table, the water matric potential (pressure) is 
generally positive because the weight of the water increases according to 
5 parameters of force per unit of area. When water rises through a capillary tube or 
any other porosity, the water matric potential (e.g., conventionally negative 
pressure or suction) is negative because the solid phase attracts the water upward 
relieving part of its gravitational pull to the bearing weight. The suction power 
comes from the amount of attraction in the solid phase per unit of volume in the 
10 porosity. 

[06] A tube is a perfect geometrical figure to move bulk fluids from one 
place to another. For unsaturated flow, however, a tube is restricted because it will 
not permit lateral flow of fluid in the tube walls leading to anisotropic unsaturated 

15 flow with a unique longitudinal direction. Tube geometry is very important when 
considering applications of fluid delivery and control involving saturated conditions, 
such as, for example in pipes. The wall impermeability associated with tube 
geometry thus becomes an important factor in preventing fluid loss and 
withstanding a high range of pressure variation. In such a situation, fluids can 

20 move safely in or out only through associated dead ends of an empty tube or 
. cylinder. 

[07] Random irregular porous systems utilized for unsaturated flow 
employ general principles of capillary action, which require that the tube geometry 
25 fit properly to the porosity, which is generally analogous to dimensions associated 
between capillary tubes and the voids in the random porosity. Random porosity 
has an irregular shape and a highly variable continuity in the geometrical format of 
the void space, which does not fit to the cylindrical spatial geometry of capillary 
tubes. This misunderstanding still holds true due to the fact that both capillary 
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tubes and porosity voids are affected by the size of pores to retain and move fluids 
as unsaturated conditions. Consequently, an enhanced porosity for unsaturated 
flow that deals more clearly with the spatial geometry is required. This enhanced 
porosity becomes highly relevant when moving fluids between different locations 
5 by unsaturated conditions if reliability is required in the flow and control of fluid 
dynamic properties. 

[08] When fluids move as unsaturated flow, they are generally affected 
by the porosity geometry, which reduces the internal cohesion of the fluid, thereby 

10 making the fluid move in response to a gradient of solid attraction affecting the 
fluid matric potential. Continuity pattern is an important factor to develop reliability 
in unsaturated flow. Continuous parallel solid tube-like structures offer this feature 
of regular continuity, thereby preventing dead ends or stagnant regions common to 
the random microporosity. The system becomes even more complex because the 

15 fluid-holding capacity of the porosity has a connective effect of inner fluid 
adhesion-cohesion, pulling the molecules down or up. Using common cords 
braided with solid cylinders of synthetic fibers, a maximum capillary rise of near 
two feet has been registered. 

20 [09] Specialized scientific literature about unsaturated zones also 

recognizes this shortcoming. "Several differences and complications must be 
considered. One complication is that concepts of unsaturated flow are not as fully 
developed as those for saturated flow, nor are they as easily applied." (See 
Dominico & Schwartz, 1990. Phvsical and Chemical Hvdroaeoloov . Pg. 88. Wiley) 

25 Concepts of unsaturated flow have not been fully developed to date, because the 
"capillary action" utilized to measure the adhesion-cohesion force of porosity is 
restrained by capillary tube geometry conceptions. The term "capillary action" has 
been wrongly utilized in the art as a synonym for unsaturated flow, which results in 
an insinuation that the tube geometry conception captures this phenomenon when 
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in truth, it does not. 

[010] A one-way upward capillary conductor was disclosed in a Brazilian 
patent application, Artificial System to Grow Plants . BR PI980367, on April 4, 1998 
5 to the present inventor. The configuration disclosed in BR PI 980367 is limited, 
because it only permits liquid to flow upward from saturated to unsaturated zones 
utilizing a capillary device, which implies a type of tubular structure. The capillary 
conductor claimed in the Brazilian patent application has been found to contain 
faulty functioning by suggesting the use of an external constriction layer and an 
10 internal longitudinal flow layer. Two layers in the conductor have led to 
malfunctioning by bringing together multiple differential unsaturated porous media, 
which thereby highly impairs flow connectivity. 

[011] Unsaturated flow is extremely dependent on porosity continuity. All 
15 devices using more than one porous physical structure media for movement of 
unsaturated fluid flow are highly prone to malfunctioning because of the potential 
for microscopic cracks or interruptions in the unsaturated flow of fluid in the media 
boundaries. Experimental observations have demonstrated that even if the flow is 
not interrupted totally, the transmittance reduction becomes evident during a long 
20 period of observation. 

[012] The appropriate dimensions and functioning of porosity can be 
observed in biological unsaturated systems because of their evolutionary 
development. Internal structures of up to 100 :m in cross-sectional diameter, such 
25 as are present, for example, in the phloem and xylem vessels of plants are reliable 
references. But, interstitial flow between cells function under a 10 :m diameter 
scale. It is important to note that nature developed appropriate patterns of 
biological unsaturated flow porosity according to a required flow velocity, which 
varies according to a particular organism. These principals of unsaturated flow are 
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evidenced in the evolution and development of plants and animals dating back 
400 millions years, and particularly in the early development of multi-cellular 
organisms. These natural fluid flow principles are Important to the movement of 
fluids internally and over long upward distances that rely on the adhesion-cohesion 
5 of water, such as can be found in giant trees or in bulk flow as in vessels. Live 
beings, for example, require fluid movement to and from internal organs and 
tissues for safe and proper body functioning. 

[013] Plants mastered unsaturated flow initially in their need to grow and 
expand their bodies far beyond the top surface in search of sunlight and to keep 
their roots in the ground for nutrients and water absorption. Plants teamed to build 
their biological porosity block by block through molecular controlled growth. Plants 
can thus transport fluid due to their own adhesion-cohesion and to the special 
solid porosity of the associated tissues, providing void for flow movement and solid 
stnjcture for physical support. Plants not only developed the specially organized 
porosity, but also the necessary fluid control based on hydrophilic and hydrophobic 
properties of organic compounds in order to attract or repel water, internally and 
externally according to metabolic specific requirements. Plants learned to build 
their biological porosity controlling the attraction in the solid phase by the 
chemistry properties of organic compounds as well as their arrangement in an 
enhanced spatial geometry with appropriate formats for each required unsaturated 
flow movement pattem. 

[014] The one-way capillary conductor disclosed by Silva in Brazilian 
25 patent application BR P1 980367 fails to perform unsaturated siphoning due to 
tubing theory and a one-way upward flow arrangement. A tube is not an 
appropriate geometrical containing figure for unsaturated flow because it allows 
fluids to move in and out only by the ends of the hollow cylindrical structure. A 
one-way directional flow in a pipe where the fluid has to pass through the ends of 
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15 
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the pipe is highly prone to malfunctioning due to clogging, because any suspended 
particles in the flow may block the entrance when such particles is larger than the 
entrance. Unsaturated flow requires multidirectional flow possibilities, as well as a 
special spatial geometry of the porosity to provide continuity. Unsaturated flow in 
5 a conductor cannot possess walls about the tube for containment. According to 
Webster's Dictionary, the term capillary was first coined in the 15*' century, 
describing a configuration having a very small bore (i.e., capillary tube). Capillary 
attraction (1830) was defined as the force of adhesion and cohesion between solid 
and liquid in capillarity. Consequently, a geometric tube having a small structure 
10 can only function one-way upward or downward without any possibility of lateral 
flow. Capillary action operating in a downward direction can lose properties of 
unsaturated flow because of a saturated siphoning effect, which results from the 
sealing walls. 

IS [015] The complexity of unsaturated flow is high, as the specialized 

literature has acknowledged. For example, the inner characteristics between 
saturated flow and unsaturated flows are enomious and critical to develop 
reliability for unsaturated flow applications. Interruption of continuity on pipe walls 
of saturated flow leads to leaking and reduced flow velocity. In the case of 

20 unsaturated flow interruption in the continuity can be fatal halting completely the 
flux. This can occur because the unsaturated flow is dependent on the continuity 
in the solid phase, which provides adhesion-cohesion connectivity to the flowing 
molecules. Leaking offers an easy detection feature to impaired saturated flow, but 
cracking is neither perceptible nor easy to receive remedial measures in time to 

25 rescue the unsaturated flow functioning imposed by the sealing walls. 

[016] The efficiency of unsaturated flow is highly dependent on porosity 
continuity and the intensity ratio of attraction by unit of volume. A simple water 
droplet hanging from a horizontal flat surface having approximately 4 mm of 
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height, for example, can have vertical chains of water molecules of approximately 
12 million molecules linked to one other by hydrogen bonding and firmly attached 
to the solid material that holds it. Water in a hanging droplet has a ratio of 1:0.75 
holding surface to volume. If this water were stretched vertically into a tube of 10 
:m of diameter, the water column can reach 213 m high. The relation of surface to 
volume can increase to more than five hundred times, explaining the high level of 
attraction in the porosity to move fluids by the reduction of their bearing weight and 
consequent increase of dragging power of porosity. If the diameter were only 5 
:m, the water column can reach 853 m for this simple water droplet. 

[017] The amount of attraction In the porosity by volume Is dependent on 
the shape format of the solid surface as well as Its stable spatial continuity. The 
rounding surfaces are generally the best ones to concentrate solid attraction 
around a small volume of fluid. Cubes offer the highest level of surface by volume, 
but such cubes neither provide a safe void for porosity nor rounding surfaces. A 
sphere offers a high unit of surface by volume. Sphere volume can occupy near 
50% of the equivalent cube. Granular soil structure usually has approximately 50% 
of voids associated with the texture of soil aggregates. A void in the granular 
porous structure offers low reliability for continuity because the granules cannot be 
attached safely to each other and the geometry of the void randomly misses an 
ensured connectivity. Cells are granule-like structures In the tissues of life-beings 
that learned to attach to each other In a precise manner pin order to solve such a 
dilemma. 

[018] Larger spherical particles can potentially offer much more surface 
area than cylindrical particles, because the surface area of spheres Increases 
according to the cubic power of the radius, while the cylinders increase to 
multiples of the radius without considering the circle area. On the other hand, 
smaller and smaller geometrical formats lead to more reduction of the surface of 
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spherical formats than cylindrical formats. Cylinders also maintain a regular 
longitudinal shape pattern because it can be stretched to any length aimed in 
industrial production. A bundle of cylinders changing size have a preserved void 
ratio and an inverse relation of solid attraction to volume bearing weight in the 
5 porosity. 

[019] The present inventor has thus concluded that the dynamics between 
saturated and unsaturated conditions as expressed in the fluid matric potential can 
be utilized to hamess the unsaturated flow of fluid using the macrostructure of 

10 reversible unsaturated siphons for a variety of purposes, such as irrigation and 
drainage, fluid recharging and filtration, to name a few. The present Inventor has 
thus designed unique methods and systems to recover or prevent interruption In 
liquid unsaturated flow in both multidirectional and reversible direction by taking 
advantage of the intrinsic relationship between unsaturated and saturated 

15 hydrologlcal zones handling a vertical fluid matric gradient when working under 
gravity conditions. The present Inventor has thus designed an enhanced 
mlcroporosity called tubarc, which is a tube like geometric figure having continuous 
lateral flow In all longitudinal extension. The tubarc porosity disclosed herein with 
respect to particular embodiments can offer a high level of safe interconnected 

20 longitudinally, while providing high anisotropy for fluid movement and reliability for 
general hydrodynamic applications. 
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BRIEF SUMMARY OF THE INVENTION 



[020] The following summary of the invention is provided to facilitate an 
5 understanding of some of the innovative features unique to the present invention, 
and is not intended to be a full description. A full appreciation of the various 
aspects of the invention can be gained by taking the entire specification, claims, 
drawings, and abstract as a whole. 

10 [021] It is therefore one aspect of the present to provide fluid delivery 

methods and systems. 

[022] It is another aspect of the present invention to provide a specific 
physical geometric porosity for hydrodynamically harnessing the unsaturated flow 
15 of fluid. 

[023] It is another aspect of the present invention to provide methods and 
systems for hydrodynamically harnessing the unsaturated flow of fluid. 

20 [024] It is yet another aspect of the present invention to provide methods 

and systems for harnessing the flow of unsaturated fluid utilizing tubarc porous 
microstructures. 

[025] It is another aspect of the present invention to provide a tubarc 
25 porous microstructure that permits unsaturated fluid to be conducted from a 
saturated zone to an unsaturated zone and reversibly from an unsaturated zone to 
a saturated zone. 

[026] It is still another aspect of the present invention to provide improved 
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irrigation, filtration, fluid delivery, fluid recharging and fluid replacement methods 
and systems. 

[027] It is one other aspect of the present invention to provide a reliable 
5 solution to reversibly transport fluids between two compartments according to a 
fluid matric potential gradient, utilizing an unsaturated siphon bearing a high level 
of self-sustaining functioning. 

[028] It is another aspect of the present invention to provide efficient 
10 methods and system of performing drainage by molecular attraction utilizing the 
characteristics of fluid connectivity offered by a reversible unsaturated siphon and 
tubarc action enhanced microporosity. 

[029] It is an additional aspect of the present invention to provide a 
15 particular hydrodynamic functioning of a reversible unsaturated siphon, which can 
be utilized to deliver fluids with an adjustable negative or positive fluid matric 
potential, thereby attending specific local delivery requirements. 

[030] It is yet another aspect of the present invention to provide an 
20 improved microporosity of tubarc arrangement having multidirectional reversible 
unsaturated flow. 

[031] It is still another aspect of the present invention to provide a safe 
reversible unsaturated siphon to carry and deliver solutes or suspended 
25 substances according to a specific need. 

[032] It is a further aspect of the present invention to provide a reliable 
filtering solution for moving fluids between saturated and unsaturated conditions 
passing through zones of unsaturated siphons. 
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[033] The above and other aspects can be achieved as will now be 
described. Methods and systems for harnessing unsaturated flow of fluid utilizing 
a conductor of fluid having a porous microstructure are disclosed herein. The 
conductor of fluid may be configured as a reversible unsaturated siphon. Fluid can 
be conducted from a region of higher fluid matric potential to a region of lower fluid 
matric potential utilizing a reversible unsaturated siphon with porous microstructure 
(e.g., positive zone to negative zone). The fluid may then be delivered from the 
higher fluid matric potential zone to the lower fluid matric potential zone through 
the reversible unsaturated siphon with porous microstructure, thereby permitting 
the fluid to be harnessed through the hydrodynamic fluid matric potential gradient. 
The fluid is reversibly transportable utilizing the porous microstructure whenever 
the fluid matric potential gradient changes direction. 

[034] The fluid can be hydrodynamically transportable through the porous 
microstructure according to a gradient of unsaturated hydraulic conductivity. In 
this manner, the fluid can be harnessed for inrigation, filtration, fluid recharging and 
other fluid delivery uses, such as refilling writing instruments. The methods and 
systems for saturated fluid delivery described herein thus rely on a particular 
design of porosity to harness unsaturated flow. This design follows a main pattern 
of saturation, unsaturation, followed by saturation. If the fluid is required as an 
unsaturated condition, then the design may be shortened to saturation followed by 
unsaturation. Liquids or fluids can move from one compartment to another 
according to a gradient of unsaturated hydraulic conductivity, which in turn offers 
appropriate conditions for liquid or fluid movement that takes into account 
connectivity and adhesion-cohesion of the solid phase porosity. 

[035] The reversible unsaturated siphon disclosed herein can, for example, 
be formed as an unsaturated conductor having a spatial macrostructure 
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arrangement of an upside down or downward U-shaped structure connecting one 
or more compartments within each leg or portions of the siphon, when functioning 
under gravity conditions. The upper part of the siphon is inserted inside the 
unsaturated zone and the lower part in the saturated zone, in different 
5 compartments. The unsaturated siphon moves fluids from a compartment or 
container having a higher fluid matric potential to another compartment or 
container having a lower fluid matric potential, with reversibility whenever the 
gradients are reversed accordingly. The reversible unsaturated siphon can be 
configured as a simple and economical constmction offering highly reliable 

10 functioning and numerous advantages. The two compartments in the saturated 
zones can be physically independent or contained one inside the other. The 
compartments can be multiplied inside the saturated and/or unsaturated zones 
depending on the application requirements. The two legs can be located inside 
two different saturated compartments, while the upper part of the siphon also may 

15 be positioned inside other compartments where the requirement of unsaturated 
condition might be prevalent. The penetration upward of the upper siphon part in 
the unsaturated zone provides results of the flow movement dependent on 
unsaturated flow characteristics associated to the decreasing (-) fluid matric 
potential. 

20 

[036] The reversible unsaturated siphon of the present invention thus can 
generally be configured as a macrostructure stmcture connecting two or more 
compartments between saturated and unsaturated zones. Such a reversible 
unsaturated siphon has a number of characteristics, including automatic flow, 
25 while offering fluid under demand as a self-sustaining effect. Another 
characteristic of the reversible unsaturated siphon of the present invention 
includes the ability to remove fluid as drainage by molecular suction. Additionally, 
the reversible unsaturated siphon of the present invention can control levels of 
displacement of solid, liquid, and air and offers a high level of control in the 
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movement of fluids. The reversible unsaturated siphon of the present invention 
also can utilize chemically inert and porous media, and offers a high level 
anisotropy for saturated and unsaturated fluid flow. The reversible unsaturated 
siphon of the present invention additionally offers high reliability for bearing a 
5 flexible interface of contact, and a high index of hydraulic conductivity and 
transmissivlty. Additional characteristics of the reversible unsaturated siphon of 
the present invention can include a filtering capability associated with the control of 
the size of porosity and the intensity of negative pressure applied in the 
unsaturated zone, a low manufacturing cost, high evaporative surfaces for 
10 humidifying effects, and a precise delivery of fluid matric potential for printing 
systems. 

[037] Irrigation and drainage systems are therefore disclosed herein, which 
can include a water supply and at least one pipe in communication with the water 

15 supply, wherein the pipe(s) comprises a tubarc porous microstructure for 
conducting the water from a saturated zone to an unsaturated zone, wherein the 
water supply comprises an unsaturated zone. The water can be delivered from 
the unsaturated zone to the saturated zone through the tubarc porous 
microstructure, thereby permitting the water to be harnessed for irrigation through 

20 the hydrodynamic movement of the water from one zone of saturation or 
unsaturation to another. The unsaturated zone comprises soil located about the 
pipe(s), such that a high water matric gradient associated with the soil surrounding 
the at least one pipe attracts unsaturated water from a wall of the pipe, which 
comprises the tubarc porous microstructure in order to irrigate the soil. 

25 

[038] One or more variable speed reversible pumps can be provided for 
pushing or pulling the water to the at least one pipe to establish molecular 
connectivity for the water within the tubarc porous microstructure. At least one 
other pipe can also be utilized, which comprises a tubarc porous microstructure for 
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the distribution of the water from the water supply to at least one other zone of 
saturation or unsaturation to another. The water can be reversibly transportable 
from the saturated zone to the unsaturated zone and from the unsaturated zone to 
the saturated zone utilizing the tubarc porous microstructure. The water can also 
5 be hydrodynamically transportable through the tubarc porous microstructure 
according to a gradient of unsaturated hydraulic conductivity. Additionally, the 
water can be conductible through the tubarc porous microstructure in a reversible 
longitudinal unsaturated flow, reversible lateral unsaturated flow and/or a 
reversible transversal unsaturated flow. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[039] The accompanying figures, in which like reference numerals refer to 
5 identical or functionally-similar elements throughout the separate views and which 
are incorporated in and form part of the specification, further illustrate the present 
invention and, together with the detailed description of the invention, serve to 
explain the principles of the present invention. 

10 [040] FIG. 1 illustrates a cross-sectional view of a hydrodynamic system of 

saturation and unsaturation zones thereof, including a reversible unsaturated 
siphon in comparison to capillary rise theory in potentially multiple compartments; 

[041] FIG. 2 depicts a cross-sectional view of a hydrodynamic system that 
IS includes multiple serial continuous cyclic phases of unsaturated siphons having 
diverse applications associated with an intermittent molecular dragging force in the 
unsaturated flow connectivity, in accordance with a preferred embodiment of the 
present invention; 

20 [042] FIG. 3 illustrates a cross-sectional view of a hydrodynamic system in 

which fluid is supplied to specific sources having optional levels of fluid matric 
potential adjustable at an outlet, in accordance with an alternative embodiment of 
the present invention; 

25 [043] FIG. 4 depicts a cross-sectional view of an enhanced hydrodynamic 

system which is applicable to common pots of ornamental plants in which water 
can be supplied optionally at the top or bottom bearing a never clogging 
characteristic, in accordance with an alternative embodiment of the present 
invention; 
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[044] FIG. 5 illustrates a cross-sectional view of an enhanced 
hydrodynamic system, which is applicable to common pots of ornamental plants 
that can become optionally self-sustaining as a result of utilizing a larger 
5 compartment for water storage instead of a saucer as depicted in FIG. 4, in 
accordance with an alternative embodiment of the present invention; 

[045] FIG. 6 depicts a cross-sectional view of a hydrodynamic system that 
can be applied to planters having self-sustaining features and automatic piped 
10 water input, in accordance with an alternative embodiment of the present 
invention; 

[046] FIG. 7 illustrates a cross-sectional view of a hydrodynamic system, 
which can be applied n to planters having self-sustaining features and automatic 
15 piped water input operating under saturation/unsaturation cycling, in accordance 
with an alternative embodiment of the present invention; 

[047] FIG. 8 depicts a cross-sectional view of a hydrodynamic system 
applicable to field irrigation/drainage operating with a unique pipe system having 
20 two-way flow directions and automatic piped water input/output under 
saturation/unsaturation cycling, in accordance with an alternative embodiment of 
the present invention; 

[048] FIG. 9 illustrates a cross-sectional view of a hydrodynamic system, 
25 which is generally applicable to molecular drainage having self-draining features 
by molecular attraction of unsaturated flow conceptions, in accordance with an 
alternative embodiment of the present invention; 

[049] FIG. 10 depicts a cross-sectional view of an enhanced hydrodynamic 

Page 17 of 67 
Docket No. 1000-1399 



system, which is applicable to printing technology having self-inking features with 
adjustable fluid matric potential supply, in accordance with an alternative 
embodiment of the present Invention; 

5 [050] FIG. 1 1 illustrates a cross-sectional view of a hydrodynamic system 

which Is applicable to rechargeable Inkjet cartridges having self-controlling 
features for ink input, in accordance with an alternative embodiment of the present 
invention; 

10 [051] FIG. 12 depicts a cross-sectional view of a hydrodynamic system 

that is applicable to pens and markers with self-inking and ink recharging features 
for continuous ink input having a never fainting characteristic, in accordance with 
an alternative embodiment of the present invention; 

15 [052] FIG. 13A illustrates a cross-sectional view of an enhanced 

hydrodynamic system having self-inking, self-recharging pen and marker functions 
with practical ink recharge bearing self-sustaining features for continuous ink 
delivery in an upright position, in accordance with an alternative embodiment of 
the present invention; 

20 

[053] FIG. 13B illustrates a cross-sectional view of an enhanced 
hydrodynamic system having self-inking, self-recharging pen and marker functions 
with a practical ink recharge bearing self-sustaining features for continuous ink 
delivery in an upside-down position, in accordance with an altemative embodiment 
25 of the present invention; 

[054] FIG. 14 depicts a cross-sectional view of an enhanced hydrodynamic 
system having self-inking pad functions including a continuous ink recharge with 
self-sustaining features for continuous ink delivery, in accordance with an 
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alternative embodiment of the present invention; 

[055] FIG. 15 illustrates a frontal overview of a hydrodynamlc modeling of 
a main tubarc pattern showing the twisting of the longitudinal slit opening, in 
5 accordance with a prefen-ed embodiment of the present invention; 

[056] FIG. 16A depicts a cross-sectional view of hydrodynamic modeling 
forces of a water droplet hanging from a flat horizontal solid surface due to 
adhesion-cohesion properties, in accordance with a preferred embodiment of the 
10 present invention; 

[057] FIG. 16B illustrates a cross-sectional view of hydrodynamic modeling 
forces of water inside a tubarc structure and its circular concentric force 
distribution contrasted with the force distribution illustrated in 16A, in accordance 
15 with a preferred embodiment of the present invention; 

[058] FIG. 17A depicts a cross-sectional view of a spatial geometric 
modeling of cylinders in increasing double radius sizes, in accordance with a 
preferred embodiment of the present invention; 

20 

[059] FIG. 17B illustrates a cross-sectional view of a spatial geometry 
arrangement of cylinders joined In the sides, in accordance with a preferred 
embodiment of the present Invention; 

25 [060] FIG. 17C depicts a cross-sectional view of a spatial geometry of a 

cylinder surface sector having multiple tubarcs to increase the fluid transmission 
and retention, in accordance with a preferred embodiment of the present 
Invention; 
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[061] FIG. 17D illustrates a cross-sectional view of a spatial geometry of a 
cylinder sector having one or more jagged surfaces to increase the surface area, 
In accordance with a preferred embodiment of the present invention; 

5 [062] FIG. 17E depicts a cross-sectional view of a spatial geometry of a 

cylinder sector having a jagged surface In the format of small V-shaped 
indentation to increase the surface area, in accordance with a preferred 
embodiment of the present Invention; 

10 [063] FIG. 17F Illustrates a cross-sectional view of a spatial geometry of a 

cylinder sector having a jagged surface in the format of rounded indentation to 
Increase the surface area, in accordance with a preferred embodiment of the 
present invention; 

15 [064] FIG. 17G depicts a cross-sectional view of a spatial geometry of a 

cylinder sector having a jagged surface In the format of V-shape indentation to 
Increase the surface area. In accordance with a preferred embodiment of the 
present invention; 

20 [065] FIG. 17H illustrates a cross-sectional view of a spatial geometry of a 

cylinder sector having a jagged surface in the format of squared indentation to 
Increase the surface area, in accordance with a preferred embodiment of the 
present invention; 

25 [066] FIG. 18A depicts a cross-sectional view of a spatial geometry of a 

cylindrical fiber with a unique standard tubarc format, in accordance with a 
preferred embodiment of the present invention; 

[067] FIG. 18B Illustrates a cross-sectional view of a spatial geometry of a 
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cylindrical fiber with a unique optionally centralized tubarc format having rounded 
or non-rounded surfaces, In accordance with a preferred embodiment of the 
present Invention; 

5 [068] FIG. 18C depicts a cross-sectional view of a spatial geometry of an 

ellipsoid fiber with two standard tubarcs, in accordance with a preferred 
embodiment of the present invention; 

[069] FIG. 18D illustrates a cross-sectional view of a spatial geometry of a 
10 cylindrical fiber with three standard tubarcs, In accordance with a prefen-ed 
embodiment of the present Invention; 

[070] FIG. 18E depicts a cross-sectional view of a spatial geometry of a 
cylindrical fiber with four standard tubarcs, in accordance with a preferred 
15 embodiment of the present invention; 

[071] FIG. 18F Illustrates a cross-sectional view of a spatial geometry of a 
squared fiber with multiple standard tubarcs, In accordance with a prefenred 
embodiment of the present invention; 

20 

[072] FIG. 19A depicts a cross-sectional view of a spatial geometry of 
cylindrical fibers with a unique standard tubarc In multiple bulky arrangement, In 
accordance with a preferred embodiment of the present invention; 

25 [073] FIG. 19B illustrates a cross-sectional view of a spatial geometry of 

hexagonal fibers with three standard tubarcs in multiple bulky arrangement, in 
accordance with a preferred embodiment of the present invention; 

[074] FIG. 19C depicts a cross-sectional view of a spatial geometry of 
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squared fibers with multiple standard tubarcs in multiple bulky arrangement, in 
accordance with a preferred embodiment of the present invention; 

[075] FIG. 20A illustrates a cross-sectional view of a spatial geometry of a 
5 laminar format one-side with multiple standard tubarcs, in accordance with a 
preferred embodiment of the present invention; 

[076] FIG. 20B depicts a cross-sectional view of a spatial geometry of a 
laminar format two-side with multiple standard tubarcs, in accordance with a 
10 preferred embodiment of the present invention; 

[077] FIG. 20C illustrates a cross-sectional view of a spatial geometry of a 
laminar format two-side with multiple standard tubarcs arranged in un-matching 
face tubarcs, in accordance with a preferred embodiment of the present invention; 

15 

[078] FIG. 20D depicts a cross-sectional view of a spatial geometry of a 
laminar format two-side with multiple standard tubarcs arranged in matching face 
tubarcs, in accordance with a preferred embodiment of the present invention; 

20 [079] FIG. 21 illustrates a cross-sectional view of a spatial geometry of a 

cylinder sector of a tube structure to move fluids as unsaturated flow in tubular 
containment with bulky formats of multiples standard tubarcs, in accordance with a 
preferred embodiment of the present invention; 

25 [080] FIG. 22 depicts a cross-sectional view of a spatial geometry of a 

cylinder sector of a tube structure to move fluids as saturates/unsaturated flow in 
tubular containment with bulky formats of multiples standard tubarcs in the outer 
layer, in accordance with a preferred embodiment of the present invention; 
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[081] FIG. 23A illustrates a cross-sectional view of a spatial geometry of a 
cylinder quarter with standards tubarcs in the internal sides, in accordance with a 
preferred embodiment of the present invention; 

5 [082] FIG. 23B illustrates a cross-sectional view of a spatial geometry of a 

sturdy cylinder conductor fornied by cylinder quarters with standard tubarcs in the 
internal sides, in accordance with a preferred embodiment of the present 
invention; 

10 [083] FIG. 23C illustrates a cross-sectional view of a spatial geometry of a 

cylinder third with tubarcs in the internal sides, in accordance with a preferred 
embodiment of the present invention; 

[084] FIG. 23D illustrates a cross-sectional view of a spatial geometry of a 
15 sturdy cylinder conductor formed by cylinder thirds with standard tubarcs in the 
internal sides, in accordance with a preferred embodiment of the present 
invention; 

[085] FIG. 23E illustrates a cross-sectional view of a spatial geometry of a 
20 cylinder half with tubarcs in the internal sides, in accordance with a preferred 
embodiment of the present invention; and 

[086] FIG. 23F illustrates a cross-sectional view of a spatial geometry of a 
sturdy cylinder conductor formed by cylinder halves with standard tubarcs in the 
25 internal sides, in accordance with a preferred embodiment of the present 
invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

[087] The particular values and configurations discussed in these non- 
5 limiting examples can be varied and are cited merely to illustrate embodiments of 
the present invention and are not intended to limit the scope of the invention. 

[088] The figures illustrated herein depict the background construction and 
functioning of a reversible unsaturated siphon having a porous physical 
10 microstructure for multidirectional and optionally reversible unsaturated flow, in 
accordance with one or more embodiments of the present invention. 

[089] FIG. 1 illustrates a sectional view of a hydrodynamic system 100 
illustrating saturation zones and unsaturation zones in accordance with a preferred 
15 embodiment of the present invention. Hydrodynamic system 100 illustrated in 
FIG. 1 is presented in order to depict general capillary rise theory and the 
functioning of a U-shaped upside down reversible unsaturated siphon 101, which 
is also illustrated in FIG. 1 . 

20 [090] System 100 of FIG. 1 demonstrates the use of capillary tubes and 

reversible unsaturated siphon in water transfer. The present invention, however, 
does not rely on capillary tubes. The discussion of capillary tubes herein is 
presented for illustrative purposes only and to explain differences between the use 
of capillary tubes and the methods and systems of the present invention. The 

25 hydrodynamic system 100 depicted in FIG. 1 generally illustrates accepted 
theories of unsaturated flow, which are based on conceptions of capillary action. 
In FIG. 1, an illustrative capillary tube 110 is depicted. Capillary tube 110 contains 
two open ends 121 and 122, which promote liquid movement upward as 
unsaturated flow. 
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[091] It is generally accepted that a fluid such as fluid 109 can rise in 
illustrative capillary tube 110, which contains the two open ends 121 and 122 for 
liquid movement. A maximum water 112 rise 111 inside capillary tube 110 can 
5 determine an upper limit (i.e., fluid level 102) of an unsaturated zone 104 
according to the capillary porosity reference, which can also be referred to as a 
zone of negative fluid pressure potential. If capillary tube 110 were bent 
downward inside the unsaturated zone 104 it alters the direction of the flow of fluid 
109. Beneath the unsaturated zone 104, the fluid movement continues, 
10 responding to the fluid metric gradient. It is important to note that each porous 
system has its own maximum height of upper limit (i.e., fluid level 102) expressed 
as characteristics of upward unsaturated flow dynamics. 

[092] Fluid that moves in a downward direction inside a U-shaped 
15 unsaturated siphon 101, on the other hand, can experience an increase in Its 
pressure, or a reduction of Its fluid matric potential. As the fluid reaches the water 
table level (I.e., fluid level 103) where the pressure Is conventionally zero, the fluid 
loses its water connectivity and the pull of gravity forces the flow of water In a 
downward direction, thus increasing its positive pressure until it drains out from the 
20 unsaturated siphon 101, as indicated generally by arrows 120 and 125. If the 
unsaturated siphon 101 were a real "tube" sealed in the walls, it could fail to work 
as a reversible unsaturated siphon and posses a functioning very close to that of a 
common siphon. 

25 [093] Capillary tube 110 can continue to slowly drag additional fluid 109 

from container or compartment 106 due to an unsaturated gradient, which is 
sensitive to small losses of evaporation at a capillary meniscus 111. The U- 
shaped unsaturated siphon 101, however, is more efficient than capillary tube 110 
In transfening fluid between two locations having a fluid matric gradient because it 
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can have lateral flow 118 and connect multiple compartments 108 and 107. The 
unsaturated siphon 101 can cross the compartments 108 and 107 respectively via 
points 115 and 116. If the unsaturated siphon 101 crossed the bottom of 
compartments 108 and 107, it may perform unwanted saturated flow. 

5 

[094] Fluid 109 can continue to move to the point indicated generally by 
arrows 120 and 125 until the water table level (i.e., fluid level 103) attains the 
same level in both legs of the upside down U-shaped unsaturated siphon 101, 
reaching a fluid matric balance. The fluid flow then stops. Fluid 109 moving as 

10 unsaturated flow from container or compartment 106 to the point indicated 
generally by arrows 120 and 125 must be able to withstand adhesion-cohesion 
connectivity forces of suction Inside the unsaturated siphon 101. Based on the 
configuration illustrated in FIG. 1 , it can be appreciated that the actual capillary 
action that occurs based on tubing geometry of FIG. 1 cannot contrive to the U- 

15 shaped upside down spatial arrangement depicted in FIG. 1 because its strict 
geometry leads to a siphoning effect without lateral flow, which spoils the 
unsaturated flow by downward suction. 

[095] Unsaturated siphon 101 therefore constitutes an efficient interface 
20 with a high level of anisotropy for longitudinal flow 114 to redistribute fluids 
responding to fluid matric gradients among different compartments 106, 107, and 
108 and a porous media 119 inside the saturated zone 105 and/or unsaturated 
zone 104, having an efficient lateral flow as indicated generally by anrows 118, d 
120, and 125. The compartments can have several spatial arrangements, as 
25 uncontained independent units (e.g., compartments 106 and/or107), and/or 
contained by other independent units (e.g., compartment 108) partially inside 
compartment 107 as indicated at point 113. 

[096] The flow rate of water or fluid 109 moving inside the unsaturated 
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siphon 101 from the compartment 1 06 toward the point 11 7 at the water table level 
(I.e., fluid level 103) is vertically quantified as indicated by arrow 123. Then, In 
order to set standards for a macro scale of spatial unsaturated flow, a specific 
measurement unit can be defined by the term "unsiphy", symbolized by "'" - as the 
5 upward penetration of 2.5 cm 123 in the unsaturated zone by the unsaturated 
siphon 101 just above the fluid level 103. Then, reversible unsaturated siphons 
101 can be assessed in their hydrodynamic characteristics to transmit fluids by the 
unsaturated hydraulic coefficients expressed as unsiphy units ""' representing 
variable intensities of negative pressure, or suction, applied as unsaturated flow. 
10 This variable can also represent a variable cohesiveness of molecules in the fluid 
to withstand fluid transference in order to bring a fluid matric balance throughout 
all the extension of the reversible unsaturated siphon. 

[097] FIG. 2 depicts a hydrodynamic system 200 that includes multiple 
15 serial continuous cyclic phases of unsaturated siphons 201 having diverse 
applications associated with an intermittent dragging force in the unsaturated flow, 
in accordance with a preferred embodiment of the present invention. In the 
configuration depicted in FIG. 2, multiple reversible unsaturated siphons 201 can 
be arranged serially to offer important features for fluid filtering by molecular 
20 attraction of unsaturated flow. Fluid 109 can move from a left compartment 106 to 
a right compartment 107 passing by intermittent dragging force in the unsaturated 
siphons 201 inside the negative pressure zone between the fluid levels 103 and 
102. Fluid 109 is shown in FIG. 2 as being contained within the left compartment 
106 and below the fluid level 103. Raising the fluid level 103 in the left 
25 compartment 106 can decrease the dragging force in an upward unsaturated flow 
of fluid 109 in all serial siphons 201 requiring less effort to move from the left 
compartment 106 to the right compartment 107 affecting flow velocity and filtering 
parameters. 
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[098] The unsaturated siphons illustrated in FIG. 2 can be configured to 
comprise a series of serially connected siphons, such as the individual siphon 101 
of FIG. 1. The system depicted in FIG. 2 can be contained in order to prevent fluid 
losses that occur due to fluid leakage or evaporation. Fluid 109 can be input to the 
5 container or left compartment 106 through an inlet or opening, as indicated by 
arrow 204. Fluid 109 can similarly exit the right compartment 107 as indicated by 
arrow 205. Left container 107 can be configured to possess a lid 203, while the 
right compartment 107 can be configured to possess a lid 209. Note that in FIGS. 
1 and 2, like or analogous parts are indicated by identical reference numerals. 
10 Thus, the longitudinal flow 1 14 of liquid 109 through the siphons 201 is also shown 
in FIG. 2. Additionally, a single siphon 101 is depicted in FIG. 2, which is 
analogous to the siphon 101 illustrated in FIG. 1. It can be appreciated by those 
skilled in the art that a plurality of such siphons 101 can be configured serially to 
form serially arranged siphons 201 . 

15 

[099] FIG. 3 illustrates a hydrodynamic system 300 in which fluid 109 is 
supplied to specific sources having optional levels of fluid matric potential 
adjustable at an outlet, in accordance with a preferred embodiment of the present 
invention. Note that in FIGS. 1-3, like or analogous parts are indicated by identical 

20 reference numerals. A reversible unsaturated siphon 101 can be used to offer 
fluids at variable fluid matric potential as depicted in FIG. 3. Fluid 109 can 
generally move from a container or compartment 106 by the reversible 
unsaturated siphon 101 according to an unsaturated gradient of water table(i.e., 
fluid level 103) inside the unsaturated zone 104 and below the upper limit (i.e., 

25 fluid level 102) of unsaturated zone 104. 

[0100] Fluid 109 can move as saturated flow from the compartment 106 
through a longitudinal section 303 to supply zones 301 and 302 offering different 
fluid matric potential according to a specific adjustable need. The fluid 109 can 
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travel horizontally in the reversible unsaturated siphon 101 through the saturated 
zone 105, which is represented by a positive "+" symbol in FIG. 3. Note that as 
depicted In FIG. 3, unsaturated zone 104 is represented by a negative "-" symbol. 
Note that reference numeral 304 in FIG. 3 represents an optional height outlet. 
5 The water of fluid 109 can rise in the unsaturated siphon as depicted at arrow 305 
to offers important features, such as, for example, fluid filtering removal due to the 
molecular attraction to the enhanced porosity of the conductor, and a clogging 
proof factor for fluid delivery. 

[0101] FIG. 4 depicts a cross-sectional view of a highly enhanced hydrology 
system 400, which can be applied to common pots for omamental plants. The 
reversible unsaturated siphon 101 provides an Ideal interface for reversibly moving 
water or fluid between a saucer 404 and a common pot 403. Pot 403 generally 
possesses a characteristic of "never clogging" because excessive water (i.e., 
saturated water ) is removed continuously until the entire extent of the unsaturated 
siphon 101 attains a fluid matric balance. Note that in FIGS. 1 to 4 herein, like or 
analogous parts are generally indicated by Identical reference numerals. 

[0102] The hydrologically enhanced pot 403 can receive water via a top 
20 location 401 or bottom location 402 thereof. The pot 403 does not possess 
draining holes at the bottom location 402. Consequently only water or fluid 109 is 
removed from the pot, which prevents losses of rooting media material that can 
become a source of environmental pollution. The unsaturated siphon 101 also 
promotes filtering (i.e., as illustrated In FIG. 2) because of a reduction in the 
25 bearing weight as water or fluid moves under suction. Thus, losses of nutrients by 
leaching are highly minimized. The present invention also contributes to 
improvements in the use of water resources, because the excessive water (as 
indicated by a grouping an-ows 118) transferred from the granular porous material 
in the pot by the unsaturated siphon 101 and deposited temporarily in the saucer 
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404 can be utilized again whenever the fluid matric gradient changes direction. 
Also, most of the nutrients leached in the unsaturated flow can return in solution to 
the pot 403 for plant use thereof. 

5 [0103] The height of the water table (i.e., fluid level 103) in the saucer 404 

can be regulated by the pot support legs 405 and 409, thereby providing room for 
water deposits and the unsaturated siphon 101. The unsaturated siphon 101 can 
possess a different configuration and be hidden inside the pot walls thereof or the 
body of the pot itself. If water or fluid is refilled at the bottom location 402, it will 
10 consider the maximum water rise by unsaturated flow in the upper limit thereof 
(i.e., fluid level 102). Note that in FIG. 4 insertion of the unsaturated siphon 101 
can take place at a location 406 of pot 403. Arrow 407 indicates the height of the 
siphon insertion, which can be standardized in unsiphy units. A single pot 403 can 
be alternatively configured with multiple unsaturated siphons 101. 

15 

[0104] FIG. 5 illustrates a cross-sectional view of an enhanced 
hydrodynamic system 500, which can be applied to common pots of ornamental 
plants, which can become optionally self-sustaining by utilizing a larger 
compartment 501 for water storage instead of a saucer 404 as depicted in FIG. 4. 

20 Note that in FIGS. 1 to 5, like or analogous parts are generally indicated by 
identical reference numerals. As shown in FIG. 5, a compartment 501 for storing 
water or other fluid can be totally or partially semi-transparent in order to allow 
visual perception of the fluid level 103 . A water refill operation can be performed 
reversibly at the top location 401 or the bottom location 402. If water or another 

25 fluid is refilled at the bottom location 402, a maximum water level can be attained 
as indicated by arrow 502, thereby reverting to the longitudinal flow 114 and 
bringing a temporary saturated condition to a rooting compartment thereof, which 
can be important for reestablishing unsaturated flow connectivity. 
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[0105] In FIG. 5, arrow 503 represents the diameter of the top circle or 
portion of a rooting compartment of pot 403, while a connecting point 504 
Indicates the attachment of compartment 501 (I.e., a fluid compartment) and the 
rooting compartment of pot 403. Additionally, an an-ow 505 indicates an extension 
5 of attachment range. The diameter indicated by arrow 503 can be standardized in 
unsiphy units. A single pot or compartment 501 can possess multiple unsaturated 
siphons 101, although for purposes of illustration, only a single unsaturated siphon 
is depicted in FIG. 5. It can be appreciated by those skilled In the art that system 
500 can be configured with a plurality of siphons 101. The size of the water 
10 storage compartment 501 can determine the frequency of water refill operations. 

[0106] Maintaining standard dimensions in the top portion of pot 403 (I.e., 
rooting compartment), can result in the development of many water deposits 
offering different levels of water supply and aesthetic formats. An attachment 504 

15 of the rooting compartment 403 to the pot or compartment 501 (i.e., a water 
storage device) does not need to be located at the top location of the rooting 
compartment 403. The attachment 504 can occur in any portion indicated by arrow 
505 between an insertion point of the unsaturated siphon 101 and the top location 
of the rooting compartment or pot 403. Larger sizes can suggest lower 

20 attachments because of increased physical dimensions. 

[0107] Water or fluid 109 in the pot or compartment 501 can be sealed to 
prevent evaporation losses and to curb proliferation of animals in the water, which 
might be host of transmissible diseases. In FIG. 5, fluid 109 is shown contained 
25 within compartment 501 below fluid level 103. The present invention thus 
discloses important features to horticulture industry. The common pots depicted in 
FIG. 4 and FIG. 5 offer an enhanced device that with self-sustaining 
characteristics and conditions for the supply of water and nutrients to plant roots 
with minimum losses to the user and to the environment.. In Brazil, approximately 
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60% of Dengue spread by the mosquito Aedes aegyptii is associated with 
stagnant water of ornamental plants pots. 

[0108] FIG. 6 depicts a cross-sectional view of a hydrodynamic system 600, 
5 which can be applied to planters having self-sustaining features and automatic 
piped water input. System 600 can be adapted, for example, to commercial areas 
where maintenance is often quite expensive. Note that in FIGS. 1 to 6, like or 
analogous parts are indicated by identical reference numerals. In system 600, 
water or fluid can be supplied continuously from a pipe system to a small 
10 compartment 601 as indicated by arrow 204. Water can move continuously via the 
unsaturated siphon 101 to a rooting compartment of pot 403 as required by a plant 
maintained by pot 403. Note that pot 403 can be configured as a planter. 

[0109] It is important to consider the maximum water rise (i.e., fluid level 
15 102) in the rooting compartment of pot 403. Water or fluid 109 can move 
continuously by unsaturated flow responding to the fluid matric gradient in the 
entire unsaturated siphon 101. Whenever water or fluid is required in the pot 403, 
water or fluid can move from the unsaturated siphon 101 as lateral flow as 
indicated by arrows 118 to attend fluid matric gradient. A single pot 403 can be 
20 configured to include multiple unsaturated siphons 101. Optional devices for a 
constant hydraulic head an also be employed, for example, such as a buoy. 
Additionally, changing the size of the planter feet or legs 605 and 607 or 
controlling the height of the water compartment 601 can control the desired height 
of the fluid level 103. Periodically watering the top 602 of pot 403 can rescue 
25 unsaturated flow as well as remove dust and prevent salt buildup in the top 
surface of the planter as result of continuous evaporation and salt accumulation 
thereof. 

[01 10] FIG. 7 illustrates a cross-sectional view of a hydrodynamic system 

Page 32 of 67 
Docket No. 1000-1399 



700, which can be applied to planters having self-sustaining features and 
automatic piped water input operating under saturation/un saturation cycling 
controlled by electronic sensors of fluid matric potential and variable speed 
reversible pumps. A double-way pipe system (i.e., system 700) can offer water as 
5 indicated at arrow 204 and remove it as indicated at arrow 702 in a circular 
manner that offers water under pressure and/or suction. In this case the system 
700 does not operate under normal gravity conditions and can have different 
features. Water or fluid moves to and from the planter by a common pipe 703. 

[01 11] The reversible unsaturated siphon 101 can possess a linear format 
that connects saturated and unsaturated zones and promotes water movement 
according to the fluid matric gradient. Water or fluid can be offered as indicated by 
arrow 204 initially as saturated condition in the watering cycle. The pump works to 
change from pushing (i.e., see arrow) 204 to pulling (i.e., see arrow 702), thereby 
changing the pipe flow from positive pressure to negative pressure or suction 
whenever an associated electronic control center demands unsaturated conditions 
in the pot 403. Water or fluid can thus be offered, and thereafter the excessive 
saturated water or fluid can be removed. Alternatively, the water or fluid can be 
continually offered as negative pressure by suction. Periodically watering a top 
location 704 of pot 403 can rescue unsaturated flow as well as remove dust and 
prevent salt buildup in the top surface of the planter (i.e., pot 403) as a result of 
continuous evaporation and salt accumulation thereof. 

[01 12] FIG. 8 depicts a horizontal cross-sectional view of an enhanced 
25 hydrodynamic system 800, which can be applied application to field 
irrigation/drainage in association with a pipe system constituting two-way 
directional flow and automatic piped water input/output under 
saturation/unsatu ration cycling conditions. Note that in FIGS. 1 to 8 herein, like or 
analogous parts are generally indicated by identical reference numerals. 
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Therefore, as indicated in FIG. 8, water or fluid 109 can move to or from the 
compartment 106 to an open field through a pipe system, which can offer or drain 
according to unsaturated conditions. 



5 [01 1 3] Two variable speed reversible pumps 801 and 802 can offer water or 

fluid 109 initially by pushing it to the pipes to establish molecular connectivity in the 
unsaturated siphons 101 of the pipes. There are two kinds of pipes, a regular pipe 
807 to move water to and from a water deposit (i.e., compartment 106) that can 
connect to an unsaturated siphon pipe 808. System 800 can also be equipped 
10 with a unique pipe 804 for water distribution or as double pipes 803 for water 
distribution passing close to one another. Since this system does not work under 
gravity conditions, the siphons do not need to have an upside-down "U" shape, but 
essentially to connect compartments having potentially different fluid matric 
gradients. 

15 

[01 14] If water 109 supply is aimed properly, it can Initially offer water by 
saturated condition having one pump or both pumps 801 and 802 pushing and/or 
pulling. Then, to keep unsaturated condition inside the pipes, only one pump can 
pull the water, making a hydraulic cycling system almost similar to that inside 

20 animal circulatory system of mammals. Both pumps 801 and 802 can work alone 
. or together, pulling and/or pushing, to attain water connectivity inside the pipes 
with a specific aimed water matric potential in order to promote irrigation or 
drainage in the system. When irrigation operation is aimed, the high fluid matric 
gradient in the granular soil around the pipes can attract unsaturated water from 

25 the pipe wall, which was pumped from as indicated by arrow 805. Electronic 
sensors (not pictured in FIG. 8) can be located near the pumps 801 and 802 to 
provide information regarding the status of the fluid matric potential in the pipes 
entering and leaving the system in order to allow the system to operate 
continuously under a safe functioning range of unsaturation. Mechanical control 
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thereof is also possible by controlling the water input/output status level in the 
water deposit 106. 

[01 15] When the drainage operation is attained, the saturated conditions 
5 about the pipes can permit water to be drained via unsaturated flow moving inside 
the pipes and leaving the system 800 as indicated by 806. Once the connectivity 
is attained, the pumps 801 and 802 can pull both together for drainage operation. 
Electronic pressure sensors (not pictured), which may be located In at least one 
common pipe 807 located near the pumps 801 and 802 can be utilized to detect 
10 variation in the fluid matric potential to provide information to a computerized 
center (not shown in FIG. 8) controlling the speed and reversibility of the pumps in 
order to provide the aimed functioning planed task, which is based on fluid 
continuous connectivity. 

15 [01 16] Embodiments of the present invention can be designed to operate in 

conditions different from natural gravity pull, which requires an upside-down "U" 
shape to separate vertically the saturated zone from the unsaturated zone. The 
present invention described herein, in accordance with one or more preferred or 
alternative embodiments, can be utilized to reduce environmental non-point source 

20 pollution, because water is offered under demand and is generally prevented from 
leaching to groundwater as saturated flow. The irrigation operation can also be 
appropriate for sewage disposal offering the advantage of full-year operation 
because the piping system runs underground preventing frost disturbance and 
controlling water release to curb water bodies contamination. A golf course, for 

25 example, can utilize this system for irrigation/drainage operations when 
implemented in the context of an underground pipe system. 

[01 17] FIG. 9 Illustrates a cross-sectional view of a hydrodynamic system 
900, which can be applicable to a molecular drainage configuration 901 having 

Page 35 of 67 
Docket No. 1000-1399 



self-draining features thereof due to the molecular attraction of unsaturated flow 
under the force of gravity. Note that in FIGS. 1 to 9, like or analogous parts are 
generally represented by identical reference numerals. This application is 
appropriate for large pipes or drain ditches. Water 109 moves from outside the 
5 tube or wall by unsaturated siphon 101, which can be multiple and inserted in 
several parts of the wall between the top and the bottom of the draining structure, 
but preferably in a middle section. Water 109 moves from the saturated zone 105 
situated beneath the fluid level by a fast lateral flow 118 and longitudinal flow 114 
entering the unsaturated siphon 101 and draining out from a lower portion thereof, 
10 as indicated respectively by arrow 120. 

[01 18] The unsaturated siphon 101 is a very efficient porous stmcture for 
removing water as unsaturated flow because of adhesion-cohesion in the fluid, 
which can ensure draining operations reliably via molecular attraction. This 
feature rarely clogs nor carries sediments. Additionally, minimum solutes are 
associated with the dragging stmcture. Water drained by unsaturated flow is 
generally filtered because of an increasing reduction of its bearing weight as water 
penetrates upward in the negative matric potential zone. Unsaturated flow having 
a negative water matric potential becomes unsuited to carry suspended particles 
or heavy organic solutes. The property of "rarely clogging" can be attained 
because water is drained by a molecular connectivity in chains of fluid adhesion- 
cohesion and its attraction to the enhanced geometrical of microporosity. 

[01 19] FIG. 10 depicts a cross-sectional view of an enhanced hydrodynamic 
25 system 1000, which is applicable to printing technology having self-inking features 
with adjustable fluid matric potential supply. Note that in FIGS. 1 to 10, like or 
analogous parts are generally indicated by identical reference numerals. A fluid 
1009 (e.g., ink) in association with a constant hydraulic head 1003 can move from 
a compartment 1001 and pass through an unsaturated siphon 101 to be offered at 

Page 36 of 67 
Docket No. 1000-1399 



15 



20 



any adjustable point 1005 height with a controlled fluid matric potential. Optional 
devices for constant hydraulic head 1003 can be employed, for example, such as 
a buoy. System 1000 includes a regulating device 1004 with variable height to 
change the status of fluid matric potential delivery. It means that, the user can 
5 have a printout with more Ink released or less ink released, preventing fading or 
blunring conditions in the printout. The present invention offers a special feature to 
users, which permits such users to tune, at their will, the fading characteristic of 
printouts. Also, cost reduction in the printing technology can drop to the ink cost 
level, while offering a lengthened life and enhanced color for printing. 

10 

[0120] A device 1006 shaped as an ink cartridge can also be configured as 
other devices for ink release; for example, as ribbon cartridges. A lid 1002 to 
compartment 1001 (i.e., an ink deposit) can be turned in order to open the lid 1002 
and refill ink. The unsaturated siphon 101 is generally connected to the ink 

15 deposit/compartment 1001. The longitudinal flow 114 for ink delivery can be 
sufficient to attend the ink flow velocity requirements according to each printing 
device. Ink moving longitudinally 1007 through unsaturated siphon 101 by 
saturated flow move faster if a larger flow velocity is required, and can also 
remove unsaturated flow impairment due to a long chain of fluid connectivity. The 

20 unsaturated siphon 101 can be configured according to a structure comprising a 
plurality of unsaturated siphons and possesses a cylindrical microstructure, 
thereby delivering the Ink directly to the printing media or to an intermediary 
application device. 

25 [0121] FIG. 11 illustrates a cross-sectional view of a hydrodynamic 

modeling system 1 100, which is applicable to rechargeable inkjet cartridges having 
self-sustaining features for ink input. Note that in FIGS. 1 to 11 herein, like or 
analogous parts are generally indicated by identical reference numerals. Fluid 109 
(e.g., ink) can move from a deposit/compartment 106 to an inkjet cartridge 1103 at 
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a steady continuous unsaturated flow, passing through the unsaturated siphon 
101. In accordance with an alternative embodiment of the present invention, fluid 
109 can move first to the unsaturated zone 1107 having a foam structure 1105 
leaving the unsaturated siphon 101 as indicated generally by anrows 120 and 125. 
5 Then, the fluid 109 can continue moving toward the saturated compartment 1 106 
due to the force of gravity. 

[01 22] The internal dimensions of the cartridge 1103 compartments can be 
altered to increase the ink capacity by expanding the saturated ink deposit 1106 

10 and reducing the size of the unsaturated ink compartment 1107. The tip of the 
external leg of the unsaturated siphon 1102 can be replaced after a refilling 
operation to prevent leakage at the bottom of the foam 1 105 during transportation. 
Also, a sealing tape 1104 can be utilized for refilling operations in order to prevent 
leakage when returning the cartridge to the printer. The printer can receive a self- 

15 inking adapter having features similar to the configuration illustrated in FIG. 10 and 
the ink can be delivered directly where required. 

[0123] Ink can be provided by an outside source as indicated by arrow 
1101. Such an outside source can provide a continuous flow input to 

20 compartment 106 while maintaining a constant hydraulic head 103 and/or fluid 
level. Varying levels of ink (i.e., fluid 109) can be delivered to the ink cartridge 
1103 by any extemal device that changes the hydraulic head 103 and or fluid 
level. Appropriate handling according to each kind of ink cartridge can be taken 
care of in order to reestablish the ink refill similar to the manufacturing condition 

25 regarding the fluid matric potential. During printing operations, the unsaturated 
siphon tip 1102 can be removed to operate as an air porosity entrance, even it 
does not appear to be necessary, because ink delivery is accomplished as 
unsaturated condition at 1105 and an air entrance is allowed from the bottom. 
Other positional options for refilling cartridges can be employed, such as, for 
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example, an upright working position, where the unsaturated siphon 101 is 
inserted on top in order to let the ink move to a specific internal section. 

.[0124] FIG. 12 depicts a cross-sectional view of a hydrodynamic system 
5 1200 that is applicable to pens and markers with self-inking and ink recharging 
features for continuous Ink input having a never fainting characteristic. Markers 
and pens 1204 can be recharged in one operation, or continuously by a device 
disclosed in this invention. Fluid 109 can generally move from the deposit 1201 
specially designed to make the contact between the writing tool 1204 with the 
10 unsaturated siphon 101 at the point 1202. The container 1201 can be refilled 
through the lid 203. The porous system 1203 can have the special porosity similar 
to the unsaturated siphon 101 having high fluid retention or can be empty as 
illustrated In FIGS. 19A and 19B. 

15 [0125] Optionally, one or more simple layers of soft cloth material 1206 can 

be attached to the sides of the rechargeable device 1200 to operate as erasers for 
a glass board having a white background. The size of the Ink deposit 1201 can 
change accordingly to improve spatial features, handling, and functioning. 
Additionally, FIG. 12 illustrates an optional eraser pad 1206 for use in portable 

20 systems thereof. The water table may be present if the device (i.e., optional erase 
pad 1206) is turned 90 degrees clockwise for ink recharging operations. The 
device 1200 can be utilized to recharge pens and markers at any level of ink 
wanted by turning the device clockwise, up to 90 degrees. As the device turns, the 
end of the writing tools 1204 moves downward within the saturated zone and the 

25 amount of ink can be controlled by the angle of tuming. If the device 1204 is 
turned 90 degrees clockwise; the ink level as shown at dashed line 1207 can allow 
for the maximum ink refill operation. 

[0126] FIGS. 13A and 13B illustrate cross-sectional views of an enhanced 

Page 39 of 67 
Docket No. 1000-1399 



hydrodynamic self-inking system 1300 tliat is applicable to pens and markers 
having ink recharge bearing self-sustaining features for continuous ink delivery in 
upright and upside-down positions 1309 and 1311. Fluid 109 can be located in a 
deposit compartment formed by two parts 1302 and 1304 and can move 
5 continuously as unsaturated flow toward the writing tool tip through the 
unsaturated siphon 101. Note that in FIGS. 1 to 13B herein, like or analogous 
parts are generally indicated by identical reference numerals. 

[0127] Leakage can be controlled by the internal suction In the ink 

10 compartment that builds up as fluid is removed or by unsaturated flow velocity. 
Some prototypes have shown that the suction created by the removal of the fluid 
do not prevent ink release due to the high suction power of the porosity. If 
necessary, an air entrance can be attained by incorporating a tiny parallel 
configuration made of hydrophobic plastic (for water base ink solvents) such as 

15 those used for water proof material (e.g., umbrellas and raincoats). Also, the 
compartment 1302 can be opened to let air in if the ink release Is impaired. Since 
the pens and markers tips can have an external sealing layer, then a soft rubber 
layer 1305 in the bottom of the caps 1303 can prevent leakage by sealing the tip 
of the writing tools when not in use. Fluid refill operation can be done detaching 

20 the upper part 1302 from the lower part 1304 by an attaching portion 1301. 
System 1300 can be useful for writing tools that have a high ink demand (e.g., ink 
markers), and which are rechargeable and function as "never fainting" writing 
tools. Optional sealed pens and markers can be refilled by a similar system used 
to refill ink cartridges or a recharging system 1200 (i.e., see FIG. 12), from the tip 

25 or having an attached unsaturated siphon. 

[0128] FIG. 14 depicts a cross-sectional view of an enhanced hydrodynamic 
system 1400 having self-inking pad functions and a continuous ink recharge with 
self-sustaining features for continuous ink delivery at the pad. Fluid 109 (e.g., ink) 
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moves from a container 1401 through the unsaturated siphon 101 in a continuous 
supply 1 14 to an inkpad 1403. Ink can be prevented from evaporating by use of a 
lid 1402. The movement of a hinge 1404 can open lid 1402, for example. A lid 
203 can refill ink. if the container 1401 Is transparent or semi-transparent, ink refill 
5 operation can easily be noticed before the fluid level 103 goes to the bottom of the 
container 1401. This application offers advantages of preventing spills when inking 
common inkpads because user does not have control on the quantity of ink that 
the pad can absorb. Similar industrial applications of inkpads can be developed 
using the principles disclosed in this application. Note that in FIGS. 1 to 14 herein, 
10 like or analogous parts are indicated generally by identical reference numerals. 

[0129] FIG. 15 illustrates a frontal overview of a hydrodynamic system 1500 
in the form of a tubarc pattern illustrating the twisting of a slit opening, in 
accordance with an alternative embodiment of the present invention. A standard 

15 "tubarc" can be formed in the shape of a cylinder by a larger circle 1501 and a 
smaller circle 1502 within joined within circular patterns in order to form a central 
opening 1512 which possesses a width of approximately half (i.e.. see arrow 1510) 
of the radius 1509 of the smaller circle 1502. The system1500 (i.e., a tubarc) 
possesses a stronger side 1507, which is important for physical structural support 

20 and a weaker side 1508, which is generally important for lateral fluid flow. The 
dimensions of the outer circle 1501, the inner circle 1502, and the slit opening 
1505 can vary to change the porosity ratios and physical strength thereof. A 
twisting detail 1506 is suggested for bulk assembling, allowing random distribution 
of the slit opening and providing an even spatial distribution. Fluids can move 

25 faster longitudinally inside the tubarc core 1503 having a high level of unsaturated 
flow anisotropy and slower laterally through the opening 1 505. ^ 

[0130] Standardization of tubarc dimensions can promote a streamlined 
technological application. In order to control the size pattern, each unit of tubarc 
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can be referred to as a "tuby" having an internal diameter, for example, of 
approximately 10 :m and a width of 2.5 :m in the longitudinal opening slit. All 
commercially available tubarcs can be produced in multiple units of "tuby". 
Consequently, unsaturated conductors can be marketed with technical 
5 descriptions of their hydrologlcal functioning for each specific fluid within the 
unsaturated zone described in each increasing unsiphy macro units and varying 
tuby micro units. Unified measurement units are important to harness unsaturated 
flow utilizing an organized porosity. 

10 [0131] FIG. 16A depicts a cross-sectional view of a system 1500 depicted in 

FIG. 15 representing hydrodynamic modeling forces associated with a water 
droplet 1605 hanging from a flat horizontal solid surface 1601 due to adhesion- 
cohesion properties of water.. It can be observed with the naked eye that a water 
droplet 1605 hanging in a solid surface can have a height of approximately 4 mm 

15 1602. Such a situation occurs, in the case of water, during hydrogen bonding of 
oxygen molecules in the liquid (represented as a "-" sign), while maintaining a self 
internal adhesion-cohesion and providing attraction to a solid surface having an 
opposing ( represented as a "+" sign). The signs "-" and "+" are simple symbols of 
opposite charges that can be utilized to demonstrate attraction and vice versa. 

20 

[0132] A water molecule, for example, generally includes an electric dipole 
having a partial negative charge on the oxygen atom and partial positive charge on 
the hydrogen atom. This type of electrostatic attraction is generally referred to as 
a hydrogen bond. The diameter of water droplets can attain, for example 
25 approximately 6 mm, but the intemal porosity of plant tissues suggests that the 
diameter of the tubarc core can lie in a range between approximately 10 pm and 
100 pm. If such a diameter is more than 100 pm, the solid attraction in the 
porosity reduces enormously and the bear weight of the liquid can also increase. 
Plants, for example, possess air vessel conductors with diameters of 
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approximately 1 50 |jm. 

[0133] FIG. 16B illustrates a cross-sectional view of system 1500 depicted 
in FIG. 15, including hydrodynamic modeling forces of water inside a tubarc 
5 structure and its circular concentric force distribution contrasted with the force 
distribution depicted in FIG. 16A. Note that in FIGS. 1 to 16B herein, like or 
analogous parts are generally indicated by identical reference numerals. The 
attraction bonding in the internal surface of the cylinder is approximately three 
times larger than the attraction of its flat diameter, but the concentric forces of the 
10 circle add a special dragging support. 

[0134] By decreasing the geometric figure size the attraction power can be 
affected by a multiple of the radius (■nr2R) while the volume weight is affected by 
the area of the circle (ttR^), which is affected by the power of the radius. 

15 Decreasing the diameter of a vertical tubarc core from 100 pm to 10 pm, the 
attraction in a cylinder reduces ten times (10X) while the volume of the fluid 
reduces a thousand times (1000X). Tubarc fibers arranged in a longitudinal 
display occupy approximately 45% of the solid volume having a pemnanent ratio of 
about 55% of void v/v. Changing the dimensions of the tubarc fibers can affect the 

20 attraction power by a fixed void ratio. Consequently, a standard measurement of 
attraction for unsaturated flow can be developed to control the characteristics of 
the solid and the liquid phases performing under standard conditions. 

[0135] FIG. 17 depicts a spatial geometry arrangement of solid cylinders 
25 and jagged surface options to increase surface area, in accordance with a 
preferred embodiment of the present invention. It is more practical to use fibers of 
smaller diameters to increase the surface area. Each time the diameter of a fiber 
is reduced by half, the external surface area (perimeter) progressively doubles for 
the same equivalent volume as indicated circles 1703, 1702 and 1701. Rounded 
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fibers joining each other can provide a void volume of approximately 12% to 22% 
depending on the spatial arrangements 1704 and 1705. The unsaturated flow can 
be enhanced Increasing the dragging power of the solid phase by augmenting the 
surface of the synthetic cylinders 1703 as suggested by different jagged formats 
5 1706, 1707, 1708, 1709, 1710, and 1711. Note that the jagged surface of 1706 
uses small tubarc structures. 

[0136] FIGS. 18A to 18F depicts cross-sectional views of spatial geometry 
of cylindrical fibers having different fomiats and tubarc structures in accordance 

10 with a prefen-ed embodiment of the present invention. Note that in FIGS. 1 to 23, 
like or analogous parts are generally indicated by identical reference numerals. It 
can be appreciated that particular features, shapes, sizes and so forth may differ 
among such parts identified by Identical reference numerals, but that such parts 
may provide similar features and functions. FIG. 18A depicts a unique standard 

15 tubarc format. FIG. 18B illustrates a cylindrical fiber with an optionally centralized 
tubarc format having optionally rounded or non-rounded surfaces. 

[0137] The centralized tubarc format has the inner circle 1502 equally 
distant inside 1501 and the slit opening 1505 can have a longer entrance and the 

20 volume 1503 is slightly increased because of the entrance. The format in the FIG. 
18B may have a different hydrodynamics functioning with advantages and 
disadvantages. In FIG. 18B, a rounded sample 1801 Is illustrated. An optional 
non-round sample 1802 is also depicted in FIG. 188, along with optional flat 
surfaces 1804 with varied geometry. An inward extension 1803 of the slit is 

25 additionally depicted in FIG. 188. FIG. 18C depicts an ellipsoid fiber with two 
standard tubarcs. FIG. 18D illustrates a cylindrical fiber with three standard 
tubarcs. FIG. 18E depicts a cylindrical fiber with four standard tubarcs. FIG. 18F 
illustrates a squared fiber with multiple standard tubarcs in the sides. Several other 
fomiats are possible combining different geometric formats and tubarc conception. 
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which can produce specific performance when used singly or in bulk assembling. 

[0138] FIG. 19A depicts a cross-sectional view of a spatial geometry of 
cylindrical fibers with a unique standard tubarc in multiple bulky arrangement. If 

5 the twisting effect is applied to the making of the slit opening, a random distribution 
of the face to the tubarcs 1505 is attained. FIG. 19B illustrates a cross-sectional 
view of a spatial geometry of hexagonal fibers with three standard tubarcs in 
multiple bulky arrangement. FIG. 19C depicts a cross-sectional view of a spatial 
geometry of squared fibers with multiple standard tubarcs in multiple bulky 

10 arrangement. The bulky arrangement showed the characteristics of the porosity 
aimed when the fibers are combined longitudinally in-groups. The square format in 
FIG. 19C can provide a sturdier structure than FIG. 19A. The embodiment of FIG. 
19C can offers an option to construct solid pieces of plastic having a stable 
porosity based upon a grouping of squared fibers. 

15 

[0139] FIG. 20A illustrates a cross-sectional view of a spatial geometry of a 
laminar format one-side with multiple standard tubarcs. FIG. 20B depicts a laminar 
format two-side with multiple standard tubarcs. FIG. 20C illustrates a laminar 
format two-side with multiple standard tubarcs arranged in un-matching face 

20 tubarc slits 2001. FIG. 20D depicts a laminar format two-side with multiple 
standard tubarcs arranged in matching face tubarc slits 2002. The laminar format 
is important for building bulky pieces having a controlled porosity and a high level 
of anisotropy. A bulk arrangement of laminar formats having multiple tubarcs may 
offer many technological applications associated with unsaturated flow and 

25 hydrodynamics properties in particular spatial arrangements. Lubricant properties 
may comprise one such property. 

[0140] FIG. 21 illustrates a cross-sectional view of a spatial geometry of a 
cylinder sector of a tube structure to move fluids as unsaturated flow in tubular 
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containment with bulky formats of multiples standard tubarcs, in accordance with a 
preferred embodiment of the present invention. An outer sealing layer 2104 and/or 
2103, an empty core section 2101 and porosity section 2102 form the cylindrical 
format 2100. The porosity section 2102 can be assembled utilizing a bulky porous 
5 structure, or a fabric contention structure knitted from any of a variety tubarc 
synthetic fibers. If aeration is required in the tubular containment, then opening 
2106, in holes or continuous slit, can be employed for such need. In FIG. 21, an 
optional connection 2105 between layers of laminar format is also illustrated. 

[0141] FIG. 22 depicts a cross-sectional view of a spatial geometry of a 
cylinder sector of a tube structure to move fluids as saturated/unsaturated flow in 
tubular containment with bulky formats of multiples standard tubarcs in the outer 
layer 2203. The inner core of the tubular containment can move fluid in and out as 
saturated or unsaturated conditions. The layer 2202 is an optional support 
structure that allows fluid to move in and out of the core. The outer layer 2203 can 
be formed by any bulky tubarc porous microstructure. 

[0142] FIG. 23A illustrates a cross-sectional view of a spatial geometry of a 
- cylinder quarter with standards tubarcs 2301 in the internal sides. FIG. 23B 
20 illustrates a sturdy cylinder conductor formed by cylinder quarters with standard 
tubarcs in the internal sides. FIG. 23C illustrates a cylinder third with tubarcs in the 
internal sides. FIG. 23D illustrates a sturdy cylinder conductor formed by cylinder 
thirds with standard tubarcs in the internal sides. FIG. 23E illustrates a cylinder 
half with tubarcs in the internal sides. FIG. 23F illustrates a sturdy cylinder 
25 conductor formed by cylinder halves with standard tubarcs in the internal sides. If 
necessary the cylindrical microstructure can have an outer layer 2303 for physical 
containment. Also, air transmission inside the cylindrical structure can be attained 
optionally by manufacturing a part of the structure 2302 with fluid repellent 
material in order to provide an air conductor. 
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[0143] The flow rate of unsaturated siphons is generally based on an 
inverse curvilinear function to the penetration height of the siphon in the 
unsaturated zone, thereby attaining zero at the upper boundary. In order to 

5 quantify and set standards for a macro scale of spatial unsaturated flow, a specific 
measurement unit is generally defined as "unsiphy", symbolized by '"" - as an 
upward penetration interval of 2.5 cm in the unsaturated zone by the unsaturated 
siphon. Then, unsaturated siphons can be assessed in their hydrodynamic 
capacity to transmit fluids by the unsaturated hydraulic coefficients tested under 

10 unsiphy units 

[0144] The unsaturated hydraulic coefficient is generally the amount of fluid 
(cubic unit - mm^) that moves through a cross-section (squared unit - mm^) by 
time (s). Then, an unsiphy unsaturated hydraulic coefficient is the quantification of 

15 fluid moving upward 2.5 cm and downward 2.5 cm in the bottom of the 
unsaturated zone by the unsaturated siphon ('mm^/mm^/s or 'mm/s). Multiples 
and submultiples of unsiphy ' can be employed. All commercially available 
unsaturated siphons are generally marketed with standard technical descriptions 
of all of their hydrological functioning for each specific fluid within the unsaturated 

20 zone described in each increasing unsiphy units possible up to the maximum fluid 
rise registered. This can be a table or a chart display describing graphically the 
maximum transmittance near the hydraulic head decreasing to zero at the 
maximum rise. 

25 [0145] Synthetic fibers made of flexible and inert plastic can provide solid 

cylinders joining in a bundle to form an enhanced micro-structured porosity having 
a columnar matrix format with constant lateral flow among the cylinders. The solid 
cylinders can have jagged surfaces in several formats in order to increase surface 
area, consequently adding more attraction force to the porosity. Plastic chemistry 
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properties of attraction of the solid phase can fit to the polarity of the fluid phase. 
Spatial geometry patterns of the porosity can take into account the unsaturated 
flow properties according to the fluid dynamics expected in each application: 
velocity and fluid matric potential. 

5 

[0146] A fluid generally possesses characteristics of internal adhesion- 
cohesion, which leads to its own strength and attraction to the solid phase of 
porosity. Capillary action is a theoretical proposal to deal with fluid movement on 
porous systems, but capillary action is restricted to tubing geometries that are 

10 difficult to apply because such geometries do not permit lateral fluid flow. 
Nevertheless, the geometry of the cylinder is one of the best rounding 
microstmcture to concentrate attraction toward the core of the rounding circle 
because the cylinder only permits longitudinal flow. In order to provide a required 
lateral flow in the porosity, a special geometric figure of tube like is disclosed 

15 herein. Such a geometric figure can be referred to herein as comprising a "tubarc" 
- i.e., a combination of a tube with an arc. 

[0147] Recent development of synthetic fiber technology offers appropriate 
conditions to produce enhanced microporosity with high level of anisotropy for fluid 

20 retention and transmission as unsaturated flow. The tubarc geometry of the 
present invention thus comprises a tube-like structure with a continuous 
longitudinal narrow opening slit, while maintaining most of a cylindrical-like 
geometric three-dimensional figure with an arc in a lateral containment, which 
preserves approximately 92% of the perimeter. The effect of the perimeter 

25 reduction in the tubarc structure is minimized by bulk assembling when several 
tubarcs are joined together in a bundle. The synthetic fiber cylinder of tubarc can 
bear as a standard dimension of approximately 50% of its solid volume reduced 
and the total surface area increased by approximately 65%. 
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[0148] A tubarc thus can become a very special porous system offering high 
reliability and efficiency. It can bear approximately half of its volume to retain and 
transmit fluid with a high-unsaturated hydraulic coefficient because of the 
anisotropic porosity in the continuous tubarcs preserving lateral flow in all its 
5 extent. The spatial characteristic of tubarcs offers high level of reliability for 
handling and braiding in several bulk structures to conduct fluids safely. 

[0149] The tubarc device described herein with reference to particular 
embodiments of the present invention thus generally comprises a geometric 

10 spatial feature that offers conceptions to replace capillary tube action. A tubarc 
has a number of characteristics and features, including a high level reduction of 
the fiber solid volume, a higher increased ratio of surface area, the ability to utilize 
chemically inert and flexible porous media and a high level of anisotropy for 
saturated and unsaturated flow. Additional characteristics and features of such a 

15 tubarc can include a high reliability for bearing an internal controlled porosity, a 
high level of void space in a continuous cylindrical like porous connectivity, a 
filtering capability associated with the size control of porosity, and variable flow 
speed and retention by changing porosity size and spatial arrangement. 
Additionally, the tubarc of the present invention can be constructed of synthetic or 

20 plastic films and solid synthetic or plastic parts. 

[01 50] A number of advantages can be achieved due to unsaturated flow 
provided by the enhanced spatial geometry of a tubarc with multiple directional 
flows. The size of the opening can be configured approximately half of the radius 
25 of the internal circle of the tubarc, although such features can vary in order to 
handle fluid retention power and unsaturated hydraulic conductivity. The tubarc 
has two main important conceptions, including the increased ratio of solid surface 
by volume and the partitioning properties enclosing a certain volume of fluid in the 
arc. The partitioning results in a transversal constricting structure of the arc format, 
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while offering a reliable porosity structure with a strong concentrated solid 
attraction to reduced contained volume of fluid. Partitioning in this manner helps to 
seize a portion of the fluid from its bulk volume, reducing local adhesion-cohesion 
in the fluid phase. 

5 

[0151] Ideally, Tubarc technology should have some sort of standardizing 
policy to take advantage of porosity production and usage. In order to control the 
size pattern of tubarcs, a unit of tubarc can be referred to as "tuby" corresponding 
to an internal diameter of 10 :m and a width of 2.5 :m in the longitudinal opening 
10 slit. All tubarc unsaturated conductors can be marketed with technical descriptions 
of all of their hydrological functioning for each specific fluid regarded inside the 
unsaturated zone described in each increasing tuby and unsiphy units. This 
procedure offers a high reliance in the macro and micro spatial variability of 
porosity for harnessing unsaturated flow. 

15 

[0152] A common circle of a cylinder has an area approximately 80% of the 
equivalent square. When several cylinders are joined together, however, the void 
area reduces and the solid area increases to approximately 90% due to a closer 
anrangement. The tubarc of the present invention can offer half of its volume as a 

20 void by having another empty cylinder inside the main cylindrical structure. Then, 
the final porosity of rounded fiber tubarcs can offer a safe porosity of 
approximately 45% of the total volume with a high arrangement for liquid 
transmission in the direction of longitudinal cylinders of the tubarcs. The granular 
porosity has approximately 50% of void due to the fact that spheres takes near 

25 half of equivalent their cubic volume. Consequently, tubarcs may offer porosity 
near the ratio of random granular systems, but also promotes a highly reliable flow 
transmission offering a strong anisotropic unsaturated hydraulic flow coefficient. 
Tubarc offers a continuous reliable enhanced microporosity shaped close to tube 
format in a longitudinal direction. Anisotropy is defined as differential unsaturated 
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flow in one direction in the porosity, and this feature becomes highly innportant for 
flow movement velocity because of the features of this physical spatial porosity 
that removes dead ends and stagnant regions in the void. 



5 [01 53] The tubarc of the present invention is not limited dimenslonally. An 

ideal dimension for the tubarc is not necessary, but a trade-off generally does exist 
between the variables of the tubarc that are affected by any changes in its 
dimensions. Attraction of the solid phase is associated with the perimeter of the 
circle, while the bearing weight of the fluid mass is associated to the area of the 

10 circle. Thus, each time the radius of the inner circle In the tubarc doubles, the 
perimeter also increases two times; however, the area of the circle increases to 
the squared power of the radius unit. For example, if the radius increases ten 
times, the perimeter can also increase ten times and the area can increase a 
hundred times. Since the void ratio is kept constant for a bulk assembling of 

15 standard tubarc fibers, changing in the dimensions affect the ratio of attraction 
power by a constant fluid volume. 

[01 54] The system becomes even more complex because the holding 
capacity of the porosity has multidirectional connective effect of inner fluid 

20 adhesion-cohesion, pulling the molecules down or up. Then, the unsaturated flow 
movement is a resultant of all the vertical attraction in the solid phase of cylinder 
by the bearing weight of the fluid linked to it. The maximum capillary rise 
demonstrates the equilibrium between the suction power of the solid porous phase 
of tubes, the suction power of the liquid laminar surface at the hydraulic head, and 

25 the fluid bearing weight. Using common cords braided with solid cylinders of 
synthetic fibers without tubarc microporosity, a maximum water rise of near two 
' feet has been registered. 

[01 55] Live systems can provide some hints that water moves in vessels 
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with cross-section smaller than 100 :m. The granular systems offer a natural 
porosity of approximately 50% in soils. Then, it is expected that ratios of porosity 
between 40% and 60% can fit to most requirements of flow dynamics. Finally, an 
improved performance may result by changing the smooth surface of the 
5 cylindrical fibers to jagged formats increasing even more the unit of surface 
attraction by volume. 

[01 56] The present invention discloses herein describes a new conception 
of unsaturated flow to replace capillarity action functioning that does not possess 
10 lateral flow capabilities for an associated tube geometry. Until now the maximum 
registered unsaturated flow coefficient of hydraulic conductivity upward using 
common cords having no tubarc microporosity was 2.18 mm/s which is suited 
even to high demands for several applications like irrigation and drainage. 

15 [0157] The unsaturated siphon offers special macro scale features, such as 

reversibility and enhanced fluid functioning when the compartments are specially 
combined to take advantage of the unsaturated flow gradients. Thus, fluids can be 
moved from one place to another with self-sustaining characteristics and released 
at adjustable fluid matric potentials. The unsaturated reversible siphon can 

20 perform fluid supply or drainage, or transport of solutes, or suspended substances 
in the unsaturated flow itself The tubarc action microporosity offers special 
features for fluid dynamics ensuring reliability in the fluid movement and delivery. 
Fluids can be moved from one place to another at a very high precision in the 
quantity and molecular cohesion in the fluid matric potential. 

25 

[01 58] The present invention generally discloses a reversible unsaturated • 
siphon having a physical macrostructure that may be formed from a bundle of 
tubes (e.g., plastic) as synthetic fibers with a tubarc microstructure porosity 
ensuring approximately half the volume as an organized cylindrical spatial 
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geometry for high anisotropy of unsaturated flow. The reversible unsaturated 
siphon disclosed herein offers an easy connection among multiple compartments 
having different fluid matric potential. The upside down "U" shape of the reversible 
unsaturated siphon is offered as spatial arrangement when working under gravity 
5 conditions. This feature offers a self-sustaining system for moving fluid between 
multiple compartments attending to a differential gradient of fluid matric potential in 
any part of the connected hydrodynamic system. 

[01 591 This present invention is based on the fact that porosity can be 
10 organized spatially having a specific and optimum macro and micro geometry to 
take advantages of unsaturated flow. Simple siphons can be manufactured 
inexpensively utilizing available manufacturing resources of, for example, recently 
developed plastics technology. The reversible unsaturated siphon disclosed 
herein comprises a tubarc porous physical microstructure for multidirectional and 
15 optionally reversible unsaturated flow and in a practical implementation can be 
utilized to harness important features of unsaturated flow. Fluids have 
characteristics of internal adhesion-cohesion leading to its own strength and 
attraction to the solid phase of porosity. Capillary action is a theoretical proposal to 
deal with fluid movement on porous systems; however, as explained previously, 
20 capillary action is restricted to tubing geometry background of difficult application 
for missing lateral unsaturated flow. 

[01 60] The reversible unsaturated siphon disclosed herein also comprises 
tubarc porous physical microstructure that can offer several important features of 
25 reliability, flow speed, continuity, connectivity, and self-sustaining systems. It is 
more practical to manufacture tubarcs than capillary tubes for industrial 
application. Synthetic fibers technology can supply tubarcs, which combined 
together in several bulky structures, can offer an efficient reversible unsaturated 
siphon device for continuous and reliable unsaturated flow. 
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[0161] Unsaturated flow efficiency and reliability is highly dependent on a 
perfect spatial geometry in the porosity in order to prevent flow interruption and 
achieve high perfomiance. Also, enhanced unsaturated flow systems like the 
5 reversible unsaturated siphon can provide a cyclical combination of 
saturatlon/unsaturation as an alternative to rescue unsaturation flow continuity 
mainly to granular porous media preventing unknown expected interruptions. This 
invention offers new conceptions of science and a broad industrial application of 
unsaturated flow to hydrodynamics. 

10 

[01 62] The tubarc porous physical microstructure disclosed herein may very 
well represent the utmost advancement of spatial geometry to replace capillarity. 
The rounded geometry of tubes is important to unsaturated flow for concentrating 
unit of surface attraction by volume of fluid attracting to it in a longitudinal 

15 continuous fashion. Instead of having liquid moving inside a tube, it moves inside a 
tubarc microstructure, which is a tube with a continuous opening in one side 
offering a constant outflow possibility throughout all its extension. Because fluid 
does not mn inside the tubes, laws of capillary action based on tube geometry no 
longer fit into the fluid delivery system of the present invention because a change 

20 in the geometrical format of the solid phase has a specific physical arrangement of 
solid material attracting the fluid of unsaturated flow. 

[0163] Embodiments of the present invention thus discloses a special 
geometry for Improving the parameters of unsaturated flow, offering continuous 
25 lateral unsaturated flow in all the extent of the tube-like stmcture. The present 
invention also teaches a special spatial macro scale arrangement of an 
unsaturated siphon in which fluid or liquid can move at high reliability and flow 
velocity from one compartment to another compartment at variable gradients of 
fluid matric potential. The present invention also sets standards to gauge 
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unsaturated flow moving as unsiphy macro units according to the penetration 
extension upward in the unsaturated zone and tuby micro standardized 
dimensions in the tubarcs. The proposed quantification conceptions described 
herein for measuring standards can be utilized to assess macro and micro scales 
5 and to hamess unsaturated flow based on hydrodynamics principles. This 
analytical quantification represents a scientific advancement toward the 
measurement of fluid adhesion-cohesion in the molecular connectivity affected by 
the porosity during unsaturated flow. 

10 [0164] When a fluid moves as unsaturated flow, it is affected by the porosity 

geometry, which reduces the internal cohesion of the fluid, making it move in 
response to a gradient of solid attraction. Continuity is an important factor to 
develop reliability in unsaturated flow. Continuous parallel tubarcs offer this feature 
of continuity, thereby preventing dead ends or stagnant regions common to the 

15 random porosity. The tubarcs offers a highly advanced anisotropic organized 
micro-porous system to retain and/or transfer fluids, where approximately 50% of 
the volumes as voids are organized in a longitudinal tube like microporosity. 

[0165] Recent developments of plastic technology have produced synthetic 
20 fibers, which are an inexpensive source of basic material for assembling special 
devices to exploit and harness unsaturated flow. The chemistry of such plastic 
material is generally dependent on the polarity of the fluid utilized. Also, there is no 
specific optimum tubarc size, but a tradeoff can occur, accounting for volume and 
speed of unsaturated flow. Water can move in plant tissues vessels having a 
25 cross-section smaller than 100 :m. 

[0166] A tubarc device, as described herein with respect to varying 
embodiments, may be configured so that approximately half of its volume is 
utilized as a void for longitudinal continuous flow with a constant lateral connection 
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throughout a continuous open slit in one side thereof, offering a multidirectional 
unsaturated flow device (i.e., a "tubarc"). When the surface area by volume of the 
solid phase of the rounded fibers is increased, the dragging power associated with 
unsaturated flow can be augmented. The rounded surface area of the cylinders 
5 doubles each time the diameter of the fibers doubles, thereby maintaining the 
same void space ratio for liquid movement. If the fibers are close to each other, 
the void space is approximately 22% v/v, but can be reduced to approximately 
12% if tightly arranged. Granular systems can offer a natural porosity of 
approximately 50%. Thus, ratios of porosity between approximately 40% and 60% 
10 can fit to most required flow dynamics. Different results, however, can be obtained 
if the surface of the cylinders (e.g., cylinders of FIGS. 17A to 17H) is increased or 
altered. This can occur by changing a smooth surface to a jagged surface and 
implementing different formats. 

15 [0167] Embodiments of the present invention disclose a new conception for 

unsaturated flow, thereby replacing capillary-based principles, which lack lateral 
flow in the tube geometry. Embodiments therefore illustrate a special arrangement 
of a reversible unsaturated siphon to take advantage of unsaturated flow between 
different compartments having a differential fluid matric potential. The siphon 

20 device described herein offers a high reliability for using unsaturated flow, 
particularly when fluids need to be relocated from one place to another with some 
inner self-sustaining functioning and variable fluid matric potential at the outlet, 
according to the conceptions of hydrodynamics. The tubarc microporosity ensures 
a reliable application of unsaturated siphon offering innumerous singly or complex 

25 bulky porosity. 

[0168] Generally, the best braiding configurations that can be obtained are 
those which can maintain an even distribution of common fibers throughout a 
cross-section without disrupting the spatial pattern of the porosity, thereby allowing 
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flow reversibility and uniform unsaturated flow conductivity. Until now, however, 
without employing tubarcs as described herein with respect to particular 
embodiments, the maximum registered unsaturated flow coefficient of hydraulic 
conductivity was approximately 2.18 mm/s, which is not well suited to the high 
5 demands of several fluid applications, such as, for example, field irrigation and 
drainage. 

[01 69] A variety of commercial hydrology applications can be implemented 
in accordance with one or more embodiments. For example, the fluid delivery 

10 methods and systems described herein can be utilized in horticulture to improve 
the hydrology of common pots, or enable common pots to function as 
hydrologically "smart" self-sustaining systems. Additionally, embodiments can also 
be implemented for controlling water and nutrient supply while maintaining minimal 
waste. Common pots, for example, can attain "never clogging characteristics" 

15 because excessive water can be removed by drainage using the molecular 
attraction of an advanced microporosity performing unsaturated flow as described 
and illustrated herein with respect to embodiments of the present invention. 

[0170] Additionally, In irrigation scenarios, embodiments can be 
20 implemented and utilized to provide a system of irrigation based on an interface of 
unsaturated flow. Also, embodiments can be implemented for drainage purposes, 
by permitting the removal of liquid via the molecular attraction of unsaturated flow. 
Embodiments can also be applied to Inkjet printing technology offering fluid in a 
very precise and reliable flow under the control of fluid matric potential, due to 
25 enhanced liquid dynamics for recharging cartridges, or in general, supplying ink. 

[0171] Because an alternative embodiment of the present invention can 
permit a continuous amount of ink in a writing tool tip from ever becoming faint, an 
embodiment of the present invention is ideal for implementation in writing tools. 
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such as pens and markers. For example, erasable Ink markers for writing on glass 
formed over a white background can revolutionize the art of public presentation, 
mainly In classrooms, by providing an enhanced device that can be 
instantaneously and Inexpensively recharged, while maintaining the same Ink 
S quality. Inkpads also can be equipped with a small deposit of ink while being 
recharged continuously, thereby always providing the same amount of ink In the 
pad. Altemative embodiments can also implement water filtering systems In an 
inexpensive manner utilizing the concepts of unsaturated flow that disclosed 
herein. 

10 

[01 72] Another advantage obtained through various embodiments of the 
present invention lies In the area of biochemical analysis. It can be appreciated, 
based on the foregoing, that the tubarc porous microstructure of the present 
Invention, along with the "saturation, unsaturation, saturation" process described 

15 herein can be utilized to implement ion-exchange chromatography. Finally, 
special devices based on the methods and systems described herein, can be 
utilized to study soil-water-plant relationships in all academic levels from grade 
school to graduate programs. A tool of this type may be particularly well suited for 
students. Because it can be utilized to teach environmental principals under 

20 controlled conditions, offering a coherent explanation of how life continues under 
survival conditions at optimum levels without squandering natural resources. 

[01 73] The fertile lowlands worldwide have the most fertile soils for 
concentrating nutrients In the hydrological cycles. Also, the most important cities 
25 were built around the water bodies beings constantly harmed by flooding. The 
present invention offers a very special way to remove water as drainage by 
molecular attraction inexpensively utilizing unsaturated flow features. The present 
invention can thus assist in minimizing flooding problems in the fertile lowlands 
and populated urban areas in the flooding plains or near bodies of water. 
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[0174] Embodiments disclosed herein thus describe methods and systems 
for harnessing an unsaturated flow of fluid utilizing a tubarc porous microstmcture. 
Fluid is conducted from a saturated zone to an unsaturated zone utilizing a tubarc 
5 porous microstructure. The fluid can thus be delivered from the unsaturated zone 
to the saturated zone through the tubarc porous microstmcture, thereby permitting 
the fluid to be harnessed through the hydrodynamic movement of the fluid from 
one zone of saturation or unsaturation to another. The fluid is reversibly 
transportable from the saturated zone to the unsaturated zone and from the 

10 unsaturated zone to the unsaturated zone utilizing the tubarc porous 
microstructure. Fluid can also be hydrodynamically transported through the tubarc 
porous microstructure according to a gradient of unsaturated hydraulic 
conductivity, in accordance preferred or alternative embodiments of the present 
invention. Fluid can be conducted through the tubarc porous microstructure, such 

15 that the fluid is conductible through the tubarc porous microstructure in a 
reversible longitudinal unsaturated flow and/or reversible lateral unsaturated flow. 

[0175] Fluid can be harnessed for a variety of purposes, in accordance with 
preferred or alternative embodiments of the present invention. The fluid can be 

20 harnessed, for example for a drainage purpose utilizing the tubarc porous 
microstructure through the hydrodynamic conduction of the fluid from one zone of 
saturation or unsaturation to another. The fluid can also be harnessed for an 
irrigation purpose utilizing the tubarc porous microstmcture through the 
hydrodynamic conduction of the fluid from one zone of saturation or unsaturation 

25 to another. The tubarc porous microstructure described and claimed herein can 
thus be utilized in irrigation implementations. Additionally, as indicated herein, the 
fluid can be harnessed for a fluid supply purpose utilizing the tubarc porous 
microstructure through the hydrodynamic conduction of the fluid from one zone of 
saturation or unsaturation to another. In addition, the fluid can be harnessed for a 
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filtering purpose utilizing the tubarc porous microstructure through the 
hydrodynamic conduction of the fluid from one zone of saturation or unsaturation 
to another. 

5 [01 76] The tubarc porous microstructure described herein can additionally 

be configured as a siphon. Such a siphon may be configured as a reversible 
unsaturated siphon. Additionally, such a reversible unsaturated siphon can be 
arranged in a spatial macro geometry formed from a plurality of cylinders of 
synthetic fibers braided to provide an even distribution of a longitudinal solid 
10 porosity and a unifomi cross-sectional pattern. Such a plurality of cylinders can be 
configured, such that each cylinder of the plurality of cylinders comprises a smooth 
or jagged surface to Increase an area of contact between a fluid and the 
longitudinal solid porosity. 

15 [0177] The embodiments and examples set forth herein are presented to 

best explain the present invention and its practical application and to thereby 
enable those skilled in the art to make and utilize the invention. Those skilled in 
the art, however, can recognize that the foregoing description and examples have 
been presented for the purpose of illustration and example only. Other variations 

20 and modifications of the present invention will be apparent to those of skill in the art, 
and it is the intent of the appended claims that such variations and modifications be 
covered. 

[01 78] The description as set forth is not intended to be exhaustive or to 
25 limit the scope of the invention. Many modifications and variations are possible in 
light of the above teaching without departing from scope of the following claims. It 
is contemplated that the use of the present invention can involve components 
having different characteristics. It is intended that the scope of the present invention 
be defined by the claims appended hereto, giving full cognizance to equivalents in 
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all respects. 
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